Hepatitis B virus (HBV) reactivation has been increasingly recognized in patients receiving chemotherapy and immunosuppressive therapy; however, the prevalence of HBV infection and rate of HBV screening in patients with rheumatic diseases remains unclear. In this study, we aimed to assess the prevalence of HBV infection and fulminant HBV hepatitis in patients with rheumatic diseases. We also investigated the rate of HBV screening before immunosuppressive therapy in patients with rheumatic diseases. A retrospective questionnaire survey was conducted in the North-east area (Tohoku) of Japan. Questionnaires, comprising 6 questions, were sent to 318 rheumatologists in May 2010, and responses were gathered until June 2011. In total, 71 rheumatologists (22.3%) responded to the survey. We enrolled 7,650 patients with rheumatoid arthritis (RA) and 1,031 patients with systemic lupus erythematosus (SLE). When limited to institutes at which almost all (≥ 90%) patients were tested for HBV serology, 1.1% (40/3,580) patients with RA and 0.3% (3/1,128) patients with SLE were positive for hepatitis B surface antigen (HBsAg), and 25.2% (177/703) patients with RA and 13.7% (34/248) patients with SLE were positive for hepatitis B core antibody (HBcAb). 
Introduction
After the widespread use of rituximab, an anti-CD20 monoclonal antibody, hepatitis B virus (HBV) reactivation has been increasingly recognized in patients receiving chemotherapy and immunosuppressive therapy (Oketani et al. 2012) . Some studies have shown that HBV reactivation occurs not only in 'current HBV carriers', who are positive for hepatitis B surface antigen (HBsAg), but also in 'resolved HBV carriers', who are negative for HBsAg but positive for hepatitis B surface antibody (HBsAb) and/or hepatitis B core antibody (HBcAb) (Oketani et al. 2012) . Particularly, HBV reactivation in resolved carriers may often cause a type of fulminant hepatitis, termed as de novo HBV hepatitis, with an extremely high mortality rate (Umemura et al. 2008) .
Based on these results, Centers for Disease Control (CDC) recommended screening for HBV serology before chemotherapy and immunosuppressive therapy (Weinbaum et al. 2008) . The American College of Rheumatology (ACR) also recommends HBV screening before immunosuppressive therapy , and recently, the Japanese College of Rheumatology (JCR) proposed an algorithm for HBV screening (Harigai et al. 2014 ). According to this algorithm, all patients should be screened for HBsAg before immunosuppressive therapy. In addition, those who are negative for HBsAg should be tested for HBsAb and HBcAb. HBV DNA quantification by real-time polymerase chain reaction (RT-PCR) should be performed in resolved HBV carriers. When HBV DNA becomes positive during and after therapy, prophylactic nucleoside analogs such as entecavir should be administered (Harigai et al. 2014) . However, evidence to support validity of this algorithm to prevent severe hepatitis is not sufficient and especially needs to clarify cost-benefit relations.
HBV is endemic in Japan, and approximately 20% Japanese individuals are infected with HBV (Kiyosawa et al. 1994) . Therefore, HBV screening before treatment should be more strictly performed in Japan than in other non-endemic countries. However, only few studies have reported the prevalence of HBV infection and rate of HBV screening in Japanese patients with rheumatic diseases (Urata et al. 2011; Mori 2011; Watanabe et al. 2013) In this study, we assessed the prevalence of HBV infection and fulminant HBV hepatitis in patients with rheumatic diseases such as rheumatoid arthritis (RA) and systemic lupus erythematosus (SLE). In addition, we investigated the rate of HBV screening before immunosuppressive therapy in patients with rheumatic diseases.
Methods
A retrospective questionnaire survey was conducted in the North-east area (Tohoku) of Japan. Questionnaires were sent to 318 rheumatologists in May 2010, and we waited for the response until June 2011. Following are the 6 questions listed in the questionnaire: (1) How many patients with RA have you treated? (2) How prevalent is HBV infection in patients with RA? (3) How many patients with SLE have you treated? (4) How prevalent is HBV infection in patients with SLE? (5) Do you examine serological HBV markers before treatment in patients with rheumatic diseases? (6) Have you ever experienced patients with fulminant HBV hepatitis? In this simplified questionnaire survey, we did not check a detail on sex, age, and hepatitis enzymes. We checked each HBV serological marker independently. Therefore, we did not check HBsAg positivity in HBcAb-positive patients.
Diagnoses of RA and SLE were based on RA classification criteria and SLE classification criteria (Arnett et al. 1988; Hochberg 1997; Aletaha et al. 2010) . HBV serological tests were performed before starting immunosuppressive therapy at each institute. Immuno suppressive therapy was defined as the use of biologics, immunosuppressive disease-modifying antirheumatic drugs (DMARDs) including methotrexate (MTX), tacrolimus, leflunomide, mizoribine, corticosteroids, and other immunosuppressive agents (Harigai et al. 2014 ). The study protocol was approved by the ethics committees of Tohoku University Graduate School of Medicine.
Results

Overall response rate
Of the 318 rheumatologists, 71 (22.3%) responded to the questionnaire. Although we waited for the response until June 2011, all the answers obtained were before the Great East-Japan Earthquake (March 11, 2011) .
Prevalence of HBV infection in patients with RA
In total, 7,650 patients with RA were enrolled. 0.7% (50/7,650) patients with RA were considered to be current HBV carriers, and 25.6% (214/837) were positive for HBcAb (Table 1) . When the patient cohort was limited to institutes at which HBV serology was examined for almost all patients (≥ 90%), 1.1% (40/3,580) patients with RA were current HBV carriers, and 25.2% (177/703) were positive for HBcAb. Among patients receiving biologics, 0.3% (3/1,128) patients were positive for HBsAg, indicating that About one-third of rheumatologists did not check HBsAg and more than half did not check hepatitis B surface antibody (HBsAb) or HBcAb at all before therapy. Fulminant HBV hepatitis was observed in 1 RA patient who was current HBV carrier. In conclusion, the prevalence of HBV infection is high in patients with RA and SLE. HBV screening before immunosuppressive therapy should be strictly performed.
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Prevalence of HBV infection in patients with SLE
Among 1,031 patients with SLE, 3 patients (0.3%) were positive for HBsAg (Table 2) . When limited to institutes at which HBV serology was examined for almost all patients (≥ 90%), 0.4% (3/704) patients were positive for HBsAg and 13.7% (34/248) showed positive results for HBcAb, indicating that the prevalence of HBV infection in patients with SLE was lower than that in patients with RA ( p = 0.0002, Chi-square test).
Rate of HBV screening before immunosuppressive therapy
The rate of screening for HBV serological markers before initiating treatment is summarized in Table 3 . 71 rheumatologists answered it with respect to each HBV serological marker. HBsAg was examined for all patients by a relatively high number of clinicians (18/71, 25%); however, approximately one-third clinicians (23/71, 32%) did not check HBsAg at all and more than half of the clinicians did not check HBsAb or HBcAb at all.
Fulminant HBV hepatitis
Among all answers, fulminant HBV hepatitis was reported in 1 patient with RA. This patient was 70's female and current HBV carrier (HBsAg-positive, and hepatitis Be antigen-negative), but was treated by MTX 8 mg/week and prednisolone (PSL) 5 mg/day without nucleoside analogs in general physician's clinic. HBV DNA quantification was not performed in this clinic. The patient was admitted to a nearest university hospital and treated with plasma exchange and entecavir, but died of fulminant HBV hepatitis confirmed by HBV DNA quantification and autopsy.
Discussion
This retrospective multicenter questionnaire survey conducted in the North-east area of Japan demonstrated that approximately 1% patients with RA were current HBV carriers and more than 25% were considered to be resolved carriers. Previous reports in Japan showed similar results estimating that 25% (60/239) patients in Kumamoto and 31.5% (135/428) in Aomori were infected with HBV (Urata et al. 2011; Mori 2011) , indicating that more than onefourth patients with RA may be infected with HBV in Japan. However, the number of patients enrolled in this study is much larger than previous reports. To our knowledge, this is the largest study regarding prevalence of HBV infection in RA patients in Japan. Our data suggest that HBV screening and appropriate management of HBV should be strictly performed when initiating immunosuppressive therapy. Prevalence of HBV infection was significantly lower (16.5%; 41/248) in patients with SLE than that in patients with RA (Watanabe et al. 2013) . It has been reported that older adults had a higher frequency of HBV infection that younger adults in Japan . Therefore, one reason to explain this may be the different ages of onset of RA and SLE. However, because high-dose corticosteroids and intensive immunosuppressive therapy, such as cyclophosphamide, are often required to treat patients with SLE, we should not overlook the risk of HBV reactivation, even in patients with SLE. This retrospective survey is the first report about the rate of HBV screening before immunosuppressive therapy in Japan and also showed that the rate was low in routine clinical practice. However, previous reports from oncologists showed similar results (Tran et al. 2010; Day et al. 2011a, b; Hwang et al. 2012; Zurawska et al. 2012; Lee et al. 2012) . For example, Hwang et al. (2012) reported that among 10,729 patients who received chemotherapy, only 1,787 (16.7%) underwent screening for HBsAg or HBcAb. As for rheumatologists, Stine et al. (2010) conducted a nationwide questionnaire survey about HBV screening in 1,000 ACR members. Responses obtained (153/1,000, 15.3%) were highly variable and more than half of the members did not check HBsAb or HBcAb prior to initiating therapy. The authors concluded that it is necessary to improve education among rheumatologists regarding the risks of HBV reactivation in patients in whom immunosuppressive therapy needs to be started.
Recent advances in treatment have changed the therapeutic goal of patients with RA and other rheumatic diseases (Harigai et al. 2014 ). Biologics, high-dose MTX, and corticosteroids are being increasingly used to induce remission or low disease activity. Among them, the use of biologics, such as tumor necrosis factor-α inhibitors, may cause HBV reactivation (Urata et al. 2011 ). However, MTX and corticosteroids also have the potential to induce HBV reactivation and de novo hepatitis (Urata et al. 2011; Harigai et al. 2014) . The use of biologics is now contraindicated in current HBV carriers (Harigai et al. 2014) ; however, some rheumatologists prescribe them for current HBV carriers in this study (Table 1) . Recently, with an increasing interest in HBV reactivation in Japan, the rate of HBV screening may continue to increase. Nevertheless, a new framework to improve the assessment of the risk of HBV reactivation and fulminant HBV hepatitis by Japanese rheumatologists needs to be developed.
Although fulminant HBV hepatitis was observed in 1 patient who was current carrier, fulminant hepatitis due to HBV reactivation in resolved carriers was not reported in this retrospective study. However, this does not mean that fulminant HBV hepatitis does not occur in resolved carriers because the rate of HBV screening was low. Therefore, we are now conducting a multicenter prospective study to investigate the rate of HBV reactivation in patients with rheumatic diseases under immunosuppressive therapy.
In conclusion, this retrospective questionnaire study demonstrated that approximately 20% or more patients with rheumatic diseases were infected with HBV and the rate of HBV screening before immunosuppressive therapy among rheumatologists was low in routine clinical practice. Although the incidence of fulminant HBV hepatitis was low, we rheumatologists should improve our consciousness regarding the risk of HBV reactivation and management of HBV infection.
